Mussel Watch

Recent Trends in Coastal Environmental Quality
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National Status and Trends Program

Since 1984, the National Oceanic and Atmospheric Administration (NOAA) has
monitored, through its National Status and Trends (NS&T) Program, the concentra-
tions of organic compounds and trace metals in bottom-feeding fish, shellfish, and
sediments at almost 300 coastal and estuarine locations throughout the United
States. The objective of the program, which is administered by the Coastal
Monitoring and Bioeffects Assessment Division of the Office of Ocean Resources
Conservation and Assessment, is to determine the status and long-term trends of
contamination in these important areas. Samples collected annually through the
program are analyzed to determine levels of synthetic chlorinated compounds (e.g.,
DDTs),polychlorinatedbiphenyls(PCBs),polynucleararomatichydrocarbons(PAHS),
and trace metals (e.g., mercury and lead). NOAA's NS&T Program is the first to use
a uniform set of techniques to measure coastal and estuarine environmental quality
over relatively large space and time scales. A "specimen bank" of samples taken
each year at about 10 percent of the sites is maintained at the National Institute of
Standards and Technology for future, retrospective analyses. A related program of
directed research is examining the relationships between contaminant exposures
and indicators of biological responses in fish and shellfish (i.e., bioeffects) in areas
that are shown by the NS&T monitoring results to have high levels of toxic chemicals.

This report, based on data from analyses of mollusks, describes trends in contami-
nation from 1986 through 1990. It follows, and in some sections reiterates, a 1990
report (O'Connor, 1990) that described the spatial extent and severity of sediment
contamination.

Additional information is available from: Thomas P. O'Connor, Chief, Coastal
Monitoring Branch, NOAA N/ORCAZ21, 6001 Executive Blvd., Rockville, MD 20852.



Recent Trends in Coastal
Environmental Quality:
Results from the First Five Years of
the NOAA Mussel Watch Project

Thomas P. O’Connor
Coastal Monitoring Branch
Coastal Monitoring and Bioeffects Assessment Division

INTRODUCTION Since 1986, the NOAA Mussel Watch

Project, amajor component ofthe NS&T

Following increasing public and scien- Program, has been making the same
tific concern about the quality of the chemical measurements on surface sedi-
marine environment and the absence dhents and whole soft-parts of mussels
any long-term national monitoring pro- and oysters collected from about 200
gram in the United States in the ear|ycoastal and estuarine sites. Recent re-
1980's, the National Oceanic and Atmo-Sults from the Mussel Watch Project
spheric Administration (NOAA) cre- describe the spatial distribution of coastal
ated the National Status and Trend§ontamination and, where temporal
(NS&T) Program in 1984. The program trends exist, show contamination to be
monitors trends of chemical contamina-decreasing in many instances. This find-
tion and assesses the effects of humafd implies that some benefits have re-
activities on coastal and estuarine areagulted from the management of chemi-
around the Nation. It has been analyzc@l use and discharge. However, data
ing estuarine and coastal sediments an@r more years will be necessary to
tissue samples from selected organismdistinguish the effects of human activity
for a broad suite of trace metals androm those of naturalinfluences onsome
organic chemicals. Samples are colof these chemical concentrations.
lected from a network of sites located

around the coastline of the U.S. Tissue SalildEINERSIIISSP\IDESIZ=¢]| =)

are also examined for evidence of bio-

logical response to environmental con-The need for large-scale and long-term

tamination such as liver tumors andmenitoring was emphasized by a U.S.
reproductive damage. National Research Council report (NRC,

1990) indicating that more than $130




million is being spent every year on areas, within 20 km of population cen-
U. S. marine environmental monitoring, ters in excess of 100,000 people. This
but that most of it is devoted to compli- choice was based on the assumptions
ance monitoring, i.e., testing wastewa-that chemical contamination is higher,
ters and other materials prior to dis-more likely to cause biological effects,
charge, or making measurements neaand more spatially variable in these
discharge points as prescribed by reguwaters than in rural areas.
lation. Since compliance monitoring,
by design, covers very small spatialln 1986 and 1987, 145 Mussel Watch
scales, national programs such assites were sampled. In 1988, a few sites
NOAA's NS&T Program are the only were added on the East Coast to fill in
ones focusing on wider public concerns large spatial gaps between sites, and one
It is on this wider scale that national was added in Hawaii to provide a third
benefits should be derived from expend-sampling site for an oyster species that is
ing billions of dollars to control direct not sampled elsewhere. Also in 1988,
and indirect chemical discharges to20 new sites were selected in the Gulf of
coastal and marine waters. Mexico for the specific purpose of gath-
ering samples closer to urban centers.
The Mussel Watch Project was designed
to describe chemical distributions overResults from the initial sampling showed
national and regional scales. Thereforethatthe highestchemical concentrations
it is important for sampling sites to be were near urban areas on the East and
representative of large areas rather thalVest Coasts, and that few sites in the
the small-scale patches of contamina-Gulf of Mexico could be considered
tion commonly referred to as “hot spots.” contaminated. Since urban centers along
To this end, no sites were knowingly the Gulf are further inland than those
selected near waste discharge pointsnear other coasts, an attempt was made
Furthermore, since the Mussel Watchto sample as close to them as possible.
Project is based on analyzing indig-The major limitation on sampling fur-
enous mussels and oysters, a site mugher inland is that oysters are not found
support a sufficient population of theseat salinities below about 10 parts per
mollusks to provide annual samples. thousand. By 1990, 234 sites had been
sampled, with further additions made to
NS&T sampling sites are not uniformly testthe representativeness of earlier sites.
distributed along the coast. Within estu-
aries and embayments, they averagé&igures lathrough le indicate the loca-
about 20 kilometers (km) apart, while tions of all sites sampled in the NS&T
along open coastlines the average sepalussel Watch Project in the contiguous
ration is 70 km. Almost half of the sites United States. Three sites are located in
were selected in waters near urbarHawaii, andtwo in Alaska. Locations of




North Atlantic Mussel Watch Sites

Figure 1a. Mollusk collection sites 1986 through 1990.
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Middle Atlantic Mussel Watch Sites

Figure 1b. Mollusk collection sites 1986 through 1990.
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South Atlantic Mussel Watch Sites
Figure 1c. Mollusk collection sites 1986 through 1990.
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Gulf of Mexico Mussel Watch Sites

Figure 1d. Mollusk collection sites 1986 through 1990
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Pacific Mussel Watch Sites
Figure 1e. Mollusk collection sites 1986 through 1990.
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all sites are listed in Appendix A. The pounds listed in Table 1 are used in this
figures and Appendix A highlight 141 report to describe the distribution and
sites that were sampled in atleast four ofrends of chemical concentrations in
the five years between 1986 and 1990mollusks of the coastal and estuarine
Data from those sites are used to idenUnited States. Concentrations of each
tify temporal trends in this report . of these chemicals can serve as indica-
tors of human activity. While the metals
No single species of mollusk is com- all have different uses, they can be cat-
monto all coasts. Asaresult, ithas beergorized as chemicals that have been
necessary to collect four different ones:increasingly discharged to the environ-
the musseMytilus edulison the East ment as a result of industrialization.
Coast from Maine to Cape May, NJ; the
oysterCrassostreavirginichomDela- The groups of organic compounds, how-
ware Bay southward and throughout thesver, cannot be categorized so generally.
Gulf of Mexico; the musselsl. edulis Two of the groups, total DDT (tDDT)
andM. californianuson the West Coast; and total chlordane (tCdane), are chlori-
and the oysteOstrea sandvicensin  nated pesticides. Use of DDT was banned

Hawaii. in the United States in 1972. Chlordane
use on U.S. crops endedin 1983, and its
CHEMICALS MEASURED use for termite control effectively ended

in 1988 (Shigenaka, 1990). Polychlori-
The NS&T program monitors concen- nated biphenyls (tPCB) are a mixture of
trations of trace metals and organic comehlorinated compounds first used in the
pounds. With the exception of chlori- 1920s for a number of industrial pur-
nated organic compounds such as DDTposes. Their high heat capacities and
and PCB, which exist entirely as thelow dielectric constants were exploited
result of human activities, a certain natufor use in electrical transformers and
ral concentration of chemicals exists incapacitors. PCB use in the United States
mollusks even in the absence of humarbegan being phased out in 1971, and a
activity. Chemical concentrations ex- ban on new uses took effect in 1976.
ceeding natural levels should be considLarge changesin concentrations of tbDT
ered “contamination,” and the exact lineand tPCB were seen at some locations in
demarcating natural concentrations fronthe 1970s following bans on further uses
contamination is not easily drawn. It oftDDT and tPCB (Mearns etal., 1988),
depends on the species of mollusk itselbut the compounds are still found in
as well as on many local and regionaltissues of organisms and marine sedi-
conditions. ments. PCB-containing devices are still

in use, chlordane remains in the ground
Data on concentrations of the 10 traceas a termiticide, and DDT remains in the
metals and five groups of organic com-environment because of its resistance to




degradation. The pesticide DDT is me-compounds, especially those with alkyl
tabolized to DDE and DDD in the envi- groups on a ring such as methyl- and
ronment, butthose compounds degradelimethylnaphthalene and methyl-
very slowly under environmental con- phenanthrene (Table 1), are sometimes
ditions. classified separately from the higher

molecular-weight 4- and 5-ring com-
The three butyltin compounds, aggre-pounds. Since high concentrations of
gated as tBT, are found in mollusks both types of compounds tend to be
because tributyltin (TBT) has been usedfound in the same locations, all PAH
as an antifouling agent in the paint com-compounds have been combined into a
monly used on ships and some underwasingle group in this report.
ter marine facilities. Its use on vessels
under 75 feet long was banned in 1988 All of these trace metals and groups of
Tributyltin degrades to dibutyltin and organic compounds can be acutely or
then to monobutyl tin, which itself does chronically toxic to marine life and to
not persist, so unlike the chlorinated humans under some conditions. On the
compounds, tBT should degrade rela-other hand, while the elements arsenic,
tively quickly (Seligman et al., 1988). chromium, copper, nickel, selenium, and
Consequently, the NS&T Program zinc can be toxic at high concentrations,
should find substantial decreases in tBTthey are also essential to the mainte-
concentrations during the next severalnance of life (Nielsen, 1988).
years.

DIFFERENCES BETWEEN
Polycyclic aromatic hydrocarbons SIyd=eSSEINEeEISV (67N
(PAHSs) are similar to metals in the senscf®{e )[4SR I Z7AN RO\
thatthey occur naturally. They are found
in fossil fuels such as coal and oil. TheirOne use of the Mussel Watch data is to
existence, however, is also attributablecompare chemical concentrations among
to humans because they are producedites. However, it is inappropriate to
when organic matter is burned. A mul- compare concentrations of some ele-
titude of human activities, from coal and ments in mussels with those in oysters.
wood burning to waste incineration, cre- This was demonstrated through analy-
ate PAH compounds in excess of thoseses of musseld. eduli§ and oysters
that would exist naturally. In addition, (C. virginica) collected at one site in
human production, transport, and use ofLong Island Sound. The results shown
oil releases more PAHSs to the environ-in Figure 2 indicate that, despite being
ment, on a globally averaged basis, tharexposed to the same environment, the
does natural seepage. Because they aspecies do not accumulate all chemicals
relatively more concentrated in oil than to the same extent. Concentrations of
in combustion products, 2- and 3-ring copper, zinc, and silver are more than 10




Trace Metals

Arsenic (As) Nickel (Ni)
Cadmium (Cd) Mercury (Hg)
Chromium (Cr) Selenium (Se)
Copper (Cu) Silver (Ag)
Lead (Pb) Zinc (Zn)

Organic Compounds*

Total DDT (tDDT)

The sum of concentrations of DDT (dichlorodiphenyltrichloroethane) and its metabolites
DDE (dichlorodiphenyltrichloroethylene) and DDD (dichlorodiphenyldichloroethylene).

Total chlordane (tCdane)

The sum of concentrations of two major constituents of chlordane mixtures,
cis-chlordane and trans-nonachlor and two minor components, heptachlor and
heptachlorepoxide.

Total polychlorinated biphenyls (tPCB)

The sum of the concentrations of di-, tri-, tetra-, penta-, hexa-, hepta-, octa-, and
nonachlorobiphenyls. Since 1988, the equivalent tPCB has been calculated from the
sum of concentrations of 18 individual PCB congeners.

Total polycyclic aromatic hydrocarbons (tPAH)

The sum of concentrations of 18 PAH compounds: six 2-ring compounds (biphenyl,
naphthalene, 1-methylnaphthalene, 2-methylnaphthalene, 2,6-dimethylnaphthalene,
and acenaphthene); four 3-ring compounds (flourene, phenanthrene,
1-methylphenanthrene, and anthracene); three 4-ring compounds (flouranthene, pyrene,
and benz[a]anthracene); and five 5-ring compounds (chrysene, benzo[a]pyrene,
benzo[e]pyrene, perylene, and dibenz[a,h]anthracene).

Total butyl tin (tBT)

The sum of the concentrations of tributyl tin and its breakdown products dibutyl tin and
monobutyl tin. (Concentrations in units of ng of Sn (as tBT)/g dry tissue.)

*The NS&T Program monitors concentrations of other chemicals, such as Dieldrin and
Lindane, whose concentrations were below detection at more than 10% of the 1990
sites. Because such results make trend identification difficult, those compounds are not
discussed in this report.

Table 1. Chemicals measured in the National Status and Trends Program.
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Figure 2. Factors by which concentrations in mussels differ from those in oysters at a single
site.

times higher in oysters than in mussels,and the two species can be considered
while the concentrations for chromium equivalent.

and lead are threefold higher in mussels.

These large differences mean that condn this regard, it is important to note that
centrations of silver, copper, chromium, the primary reason for collecting and
lead, and zinc in mussels cannot beanalyzing mollusks on a yearly basis is
compared with those in oysters. Fortheto track temporal trends in chemical
remaining chemicals, the differences areconcentrations. Annual data on concen-
deemed small enough to ignore, andtrations of any chemical at a single site
sites are compared regardless of speciesan be compared without consideration
in this report. At a site near the mouth of of the species, as long as the same spe-
the Columbia River, two species of mus-cies is collected every year. Conse-
sels,M. edulis andM. californianus  quently, while species differences do
have been sampled. Concentration dif-affect the analysis of national distribu-
ferences were small for all chemicals, tions of chemical concentrations, they

11



do not affect the analyses of trends based990 are listed in Table 2.

on changes at individual sites.
This definition can be used to identify

NATIONWIDE DISTRIBUTION OF which Mussel Watch sites have mol-
CHEMICAL CONCENTRATIONS lusks with “high” concentrations of each
chemical. Appendix A lists, in clock-
In 1990, the Mussel Watch Project wise geographic sequence from Maine
sampled 214 sites — the most sitesto Hawaii, all sites sampled from 1986
sampled in any single year since thethrough 1990. It also indicates which
project began. Data from 1990 are usedchemicals, if any, had concentrations in
to describe the distribution of chemical the highrange. Copper, zinc, silver, lead
concentrations throughout the Nation. and chromium have been excluded be-
cause, as just discussed, concentration
As the mercury and chlordane concen-comparisons for those elements canonly
trations in Figure 3 illustrate, chemicals be done among sites with a common
in mollusks at most sites are at the lowspecies.
end of the overall concentration range,
and as concentrations increase they ar®n a national scale, high levels of or-
found at fewer and fewer sites. This typeganic contamination are clearly indicted
of distribution was also found for chemi- in the urbanized areas of Boston, New
cal concentrations in sediments at NS&TYork, Mobile, San Diego, San Fran-
sites (O’Connor, 1990), and is commoncisco, and Los Angeles. There is also a
among environmental data sets. As Figtendency for concentrations to increase
ure 3 also exemplifies, when the loga-in these and other areas as sites are
rithms of the concentrations are plotted,located closer to population centers. In
the distributions become bell-shaped and>alveston Bay, for example, the higher
can be said to be “log-normal.” An concentrations are found near the ship
advantage of this distribution is that it channel to Houston rather than toward
allows a statistically objective defini- the Gulf of Mexico.
tion of a “high” concentration as one
where the logarithmic value is more High concentrations associated with sites
than the mean plus one standard deviaaway from population centers are not all
tion of the logarithms for all concentra- readily explained. Total butyltin (tBT)
tions. As demonstrated in Figure 3, theis high near marinas because it was used
mean and “high” concentrations for on boats, but high concentrations of
mercury and chlordane are 0.094 andother chemicals may be unrelated to
0.24 ug/g (dry) and 14 and 31 ng/g, human activity. High concentrations of
respectively. For those and the othercadmium in mussels collected along the
chemicals being evaluated in this report,coast of Northern California have been
the mean and “high” concentrations for attributed to naturally high levels in

12
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13



Table 2. Geometric Mean and “High” concentrations? from analyses of mollusks collected
in 1990 at 214 sites (oysters collected at 107 sites and mussels at another 107).

Geometric

Chemical mean “high”
arsenic 10 po/g 17 ug/g
cadmium 2.7 5.7
mercury 0.094 0.24
nickel 1.7 3.3
selenium 2.5 3.5
tPCB 110 ng/g 470 ng/g
tDDT 37 120
tCdane 14 31
tPAH 260 890
tBT 81 350
(oysters only)
silver 1.9 ug/g 3.7 uglg
copper 150 360
zinc 2400 5200
lead 0.52 0.94
chromium 0.48 0.93
(mussels only)
silver 0.17 0.58
copper 8.9 11
zinc 130 190
lead 1.8 4.3
chromium 1.7 3.0

a All concentrations on a dry-weight basis of whole soft parts of mollusks. The “high”
concentrations correspond to the mean plus one standard deviation of the logarithms of the

individual site means.

deep-ocean water and upwelling of this sufficient to support mining activities.
waterinthatarea (Goldbergetal., 1983).

That supposition cannot be used to ex-The "high" levels have been statistically
plain high cadmium concentrations in derived from the NS&T data for use in a
oysters at some Gulf of Mexico sites, relative sense to compare among sites.
however. Arsenicis distinctly high along They cannot be related to biological
the Southeast Coast — an observatioreffects. The U.S. Food and Drug Ad-
that may be related to arsenic’s naturalministration (FDA) has issued guide-
association with phosphate, and the factines that warn against human consump-
that phosphate deposits in that area aréion of shellfish with concentrations (on

14



a wet-weight basis) above specified lev-data provide an example of the first
els of mercury and several chlorinatedkind of trend. Detectable concentra-
hydrocarbons. With one exception, nonetions were found at 149 sites in both
of the mollusks collected in the NS&T 1989 and 1990. Therefore, in 149 cases
Program have had concentrations (ad-butyltin concentrations could have in-
justed to a wet-weight basis) that exceedcreased or decreased. While no impor-
those levels. The exception is the tPCBtance can be attached to the direction of
concentration in mussels collected at thechange at angnesite, it is statistically
Angelica Rock site in Buzzards Bay, significant that butyltin was lower at
MA (near New Bedford Harbor)in 1989, 103 sites in 1990. The probability of
but not in prior years nor in 1990. flipping a coin 149 times and getting
103 “heads” is very small. Similarly,
there is practically no chance that 103
decreases in butyltin between 1989 and
Mussels and oysters are collected by the1l990 was a random event. Strictly
NS&T Program to monitor trends in speaking, the chance of that result oc-
chemical concentrations over time. curringrandomlyislessthan 1in1,000.
Chemical concentrations in mussels andHere, and throughout this report, re-
oysters are determined by the extent tosults that are likely to occur randomly
which the organisms accumulate chemi-less than 5 times in 100 (0.05 level of
cals from the food they filter from their significance) will be considered impor-
surrounding water and from the water tant.
itself. When chemical concentrations
increase or decrease in their surround-ive years of data have been collected
ings, the organisms are capable of in-for the other chemicals. While the
creasing or decreasing the correspondnumber of sites has increased over the
ing concentrations in their tissues (seeyears, comparisons between years will
forexample, Roesijadietal., 1984; Pruellbe limited to the 141 sites that were
etal., 1987). This, and the fact that theysampled in at least four of the five
are immobile, make themideal for moni- years. Applying the same test just
toring changes in chemical concentra-applied to the tBT data (called the sign
tions at fixed sites. test) yields the results summarized in
Table 3. There is no need to consider
Temporal trends can be defined throughoysters and mussels separately for any
two approaches. First, a trend existschemical, since we are looking for dif-
when a year-to-year change in the samderences at individual sites. Between
direction occurs at the vast majority of 1989 and 1990, when butyltin was found
sites. Secondly, there can be a statistito decrease, tPCB also decreased, and
cally meaningful relationship between four chemicals — silver, arsenic, lead,
concentration and time. The butyltin and zinc — increased. Despite that,

15



Table 3. Results of sign test applied to mean chemical concentrations at the 141 sites sampled
in at least four of the years between 1986 and 19904.

Chem. 86-87 87-88 88-89 89-90 86-90
Ag - - - Inc -
As Dec - Dec Inc -
Cd Dec - - - Dec
Cr Dec - - - -
Cu - - - - -
Hg - - - - -
Ni - Dec Dec - Dec
Pb Inc - Dec Inc -
Se - Inc Dec - -
Zn Dec - - Inc -
tPCB Dec - - Dec Dec
tDDT - Dec - - -
tCdane Inc Dec - - Dec
tPAH b Inc Dec - -b
tBT Dec

aComparisons made on a year-to-year basis and between 1986 and 1990. A statistically
significant (0.05 level) proportion of changes in the increasing (Inc) or decreasing (Dec)
direction are indicated, as are cases with no significant direction of change (-). Since it was
not routinely measured in earlier years, tBt comparisons have been made for the 149 sites
common to 1989 and 1990.

b tPAH data for 1986 were not used. Geometric mean for that year was 430 ng/g which is
1.4 times the next highest annual geometric mean. Its high value may have been due to
the analytical method used in that year for samples from the East and West Coasts. The
last comparison for tPAH is an 87-90 comparison.

given the implementation of pollution

controls and changes in industrial prac- The sign test has been applied to the
tices make any difference, decreasesdirections of concentration differences.
are expected. In fact, the overall con- Because no account has been taken of
clusions from Table 3 are: (1) usually, the amount of change, small and large
between-year differences were not sta- differences have had equal bearing on
tistically in one direction; (2) when a results. To provide a sense of the mag-
diredion was indicated, it was generally nitude of annual changes, the annual
a decrease; and (3) when 1990 is com-geometric means of chemical concen-
pared with 1986, the only changes weretrations among all 141 sites sampled in
decreases. four or five years are shown in Figures

16



4a to 4g. Here, since oyster sites andsecond method of trend detection iden-
mussel sites are both part of the nationatifies connections between concentra-
mean, it has been necessary, again, tdon and time at individual sites and
separate the data between species fatepends on the number of years of data.
silver, copper, zinc, chromium, and lead.While plots will not be shown of annual
mean concentrations of each chemical
Decreases orincreasesidentifiedin Tablat each Mussel Watch site, this tech-
3 also appear in Figure 4. The importantnique can be illustrated with two long-
conclusion from Figure 4 is that changesterm data sets. Figure 5a shows the
are small. For both elements and or-annual average carbon dioxide concen-
ganic compounds, annual shifts in geo-tration in the atmosphere at the Mauna
metric means are generally less than 20.oa Observatory in Hawaii for each
percent. year from 1959 through 1985 (Keeling
and Boden, 1986). Figure 5b represents
The sign test is useful when there arethe annual mean temperature in the
many comparisons to be made betweemorthern Hemisphere from 1851 to0 1984
any two years; it exploits the fact that relative to the average temperature over
there are many Mussel Watch sites. Thdahe years 1951 through 1970 (Jones et al.,

1986).
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Figure 4a. Annual geometric mean concentrations of selected chemicals in mollusks.
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Figure 4f. Annual geometric mean concentrations of selected chemicals in mollusks.
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Figure 4g. Annual geometric mean concentrations of selected chemicals in mollusks.
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A statistical attribute of the connection is “noisy” because many natural factors
between concentration (or temperature)determine temperature in any given year,
and time that constitutes a trend is theand extracting long-term trends requires
Spearman rank correlation coefficient. data over many years. The carbon-diox-
In the case of carbon dioxide in Figureide record, on the other hand, is abso-
5a, the Spearman correlation coeffi-lutely clear. The increase in carbon
cientis 1.0, as high a value as possibledioxide is attributable to the human ac-
The annual changes are small, but theyivities of fossil-fuel burning and defor-
occur invariably in the same direction. estation, and no natural factors are strong
The temperature record is not so cleargnough to complicate the record of those
because temperature in any one year iactivities.

not always higher than the year before.

Nevertheless, there is a trend in thelf all the Mussel Watch concentration
temperature data. The Spearman corretime plots were shown, the vast major-
lation coefficient between temperatureity would look like the temperature
and year in Figure 5b is 0.57, and for arecord in Figure 5b except they would
record with 134 observations the coeffi- only be for four or five years. With only
cient need equal only 0.14 for a statisti-five years of data, a trend cannot be
cally significant indication of atrend (at identified unless the Spearman correla-
the 0.05 level) . The temperature recordtion is as high as 0.9. So to find a trend,
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Figure 5a. Annual average atmospheric carbon dioxide concentration (Keeling and
Boden, 1986).
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Figure 5b. Difference between annual mean Northern Hemisphere air temperature and
20-year average of 1951 to 1970 (Jones et al., 1986).

mean concentrations have to line uprelations between those concentrations
almost as perfectly as the carbon-andtime. Finding trends in only 13% of

dioxide concentrationsin Figure 5a(i.e.,the possible cases, reflects a lack of
the same direction of change occurstrends so strong that, like atmospheric
between each consecutive pair of years)carbon dioxide, they are evident with

Five years simply do not provide a long only a few years of data. There may be
enough record to extract trends fromweaker trends that will be revealed with

noisy data. more years of data.

The Spearman test was run on annual he statistical test allows for 5% of the
mean concentrations of 14 chemicals atorrelations to be random occurrences
the 141 sites with four or five years of rather than real connections between
data. Site-by-site and chemical-by- concentration and time. So 99 (0.05 x
chemical results of this test are listed in1,974) of them may not be real. Never-
Appendix B. Among 1,974 chemical- theless, of the 239 trends, the ones de-
site combinations (14 chemicals x 141serving close attention are those found
sites), there are 239 cases (152 decreagmong groups of sites. Among the nine
ing and 87 increasing) with strong cor- Long Island Sound sites in Appendix B,
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copper is decreasing at six, cadmium atirely or, to a large extent, due to human
five (Fig.6a) , silver at four, and zinc at activity, the highest correlations were
three. Silver is decreasing at all four between population and concentrations
sites in Delaware Bay (Fig. 6b). Arsenic of chlorinated organic compounds and
is decreasing (Fig. 6¢) and zinc increasPAHs. Statistically significant correla-
ing at both sites in Terrebonne Bay. Justions were found between population
as finding clusters of sites with “high” and concentration for lead and zinc in
concentrations (Appendix A) argues for both oysters and mussels, and for cop-
those concentrations to be representaper, mercury, and silverin mussels. There
tive of an area, similar trends amongis no correlation between population and
sites in an area argues for the trend beingopper, mercury, or silver concentra-
real and area-wide. tions in oysters, and no or negative cor-
relations between population and con-
NATURAL AND HUMAN centration of arsenic, cadmium, chro-
INFLUENCES mium, nickel, and selenium in either
mussels or oysters.
If chemical concentrations in mollusks
atany particular site increase because oA lack of correlation on a national scale,
human activities such as industry, agri-however, does not prove that concentra-
culture, mining, or the wastes of daily tions are not affected by human activity
living, the mollusks can be said to be at any individual site. There can well be
chemically contaminated. If the chemi- human influences in rural areas. For
cal supply is purely natural, such asexample, the fact that mercury concen-
cadmium from deep ocean water bath-trations are high in oysters at two rural
ing mollusks in Northern California, sites in Matagorda Bay, TX (Appendix
then concentrations do notrepresentconA) is probably related to a reservoir of
tamination. For trace elements, there ismercury contamination remaining from
no absolute way, based on concentraa major discharge of that element from a
tion alone, to separate natural from hu-chlor-alkali plant in the 1970s (Holmes,
man factors. An approximation of the 1977). Furthermore, there are rural sites
extent of human influence at a site is thewith high concentrations of chlorinated
number of people in its proximity. Us- organic compounds whose only source
ing 1990 census data (B. Davis, TIGERis human activity. Thus, it is not pos-
System Staff, U.S. Census Bureau),sible, simply on the basis of proximity to
Spearman correlations were calculatedbopulation centers, to separate human
between numbers of people residingfrom natural effects on chemical con-
within 20 km (12.4 miles) of each Mus- centrations in mollusks. This inability
sel Watch site and chemical concentra-complicates trend detection since it is
tions in mollusks collected in 1990. As only the human-influenced component
expected, because their existence is emef chemical concentrations in mollusks
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Figure 6a. Cadmium decreasing at Long Island Sound sites.
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Figure 6b. Silver decreasing at Delaware Bay sites.
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Figure 6¢. Arsenic decreasing at Terrebonne Bay sites.

that can change in a consistent fashiogorrelations with natural factors. The
with time. strong temporal correlations between
concentrations and time that were found
There are natural factors, such as thén the five-year data set do, most likely,
difference between mussels and oysimply a human influence at those sites.
ters, and salinity, and possibly repro-
ductive state and season, that can affe RSN IS SIANVRIN=NC I
concentrations (Phillips, 1980). Some
of this is accounted for in the Mussel Lauenstein et al. (1990) found decadal
Watch Project by sampling in the sametrends in lead concentrations by com-
season every year, always collecting thgparing NS&T data from 1986 through
same species at a site, and seeking mol-988 with data from analyses of mussels
lusks of a certain size. Other factors,and oysters collected in 1976 through
such as salinity, are monitored but can-1978 by a previous “mussel watch” pro-
not be controlled. There is ample rea-gram (Goldberg et al., 1983) sponsored
son for attributing interannual varia- by the U.S. Environmental Protection
tions in concentration to natural factors,Agency (EPA). Fifty sites were com-
but it is difficult to attribute temporal monto both programs and, at 39 of them,
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concentrations of lead were higher in thel970s were compared with data from
1970s. The preponderance of change ithe 1980s. Robinson et al. (1990) exam-
thatdirection indicates adecreasing trenthed data from analyses of human fat
that was attributed to the phaseout ofissues collected from autopsies or from
leaded gasoline. Yet, when the Sign tessurgical patients in 1972 through 1983,
was applied to Mussel Watch data beand found a large decrease in the early
tween 1986 and 1990 at 141 sites (Tabl&0s, followed by a more-or-less steady
3), itfailed to detect atrend. This may bedecrease to 1983, in the percentage of
due to the fact that the major effect oftissue samples containing more than
human intervention occurred in the1,000 ng/g of tPCB. All of these reports
1970s, and that trends occurring in theeveal long-term decreases in tPCB in
1980s are smaller and more easily maskete tissues of organisms, butin all cases,
by natural effects on interannual varia-the decreases are made evident over
tion. decadal time scales.

Large annual changes in past decades,

followed by smaller shifts in the presen{{SNEEI NG
day, are common in concentrations of

organochlorine compounds. Figure 7Data from the NOAA NS&T Mussel
from O'Connor (1990), is a 19-year recordNVatch Project show more decreases than
of tPCB in mussels at the Mussel Watchincreases in chemical concentrations
site off Royal Palms Park on the Palosetween 1986 and 1990. At most indi-
Verdes coast of Los Angeles. Itis basedidual sites there are no strong correla-
on three sets of data, including that frontions between concentration and year,
the NS&T Program. It shows a dramaticbut where correlations are found de-
decrease that began in 1971 when PCBreases outnumber increases. This ten-
use began to be phased out in the Unitedency for contamination to decrease is
States. The magnitude of the decreaseccurring at the same time that our soci-
may be magnified by the site’s location,ety is taking more and more steps to
within 10 km of a major sewage outfall, control pollution. It supports the view
but other cases have also documentetthat the imposition of control technolo-
temporal decreases in chlorinated orgies and other recent actions to limit
ganic contamination. Sericano et al.contaminant releases have, in general,
(1990) have combined data from diversestemmed the increasing levels of chemi-
sources to show historical decreases igal contaminants previously observed
the average tDDT concentration in oys-dn our coastal and estuarine waters.
ters in the Gulf of Mexico. Suns et al. However, with only five years of data, it
(1991) found decreases in concentrahas not been posible to clearly establish
tions of tDDT and tPCB in fish collected long-term trends and more years of sam-
in Lake Ontario when data from the mid-pling are required to distinguish more
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Figure 7. Annual concentration of total PCB in mussels at NS&T site at Palos Verdes, CA.

clearly the effects of human activity REaaR=aNO=S
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Appendix A

This appendix lists all 234 sites sampled in the NS&T Mussel Watch Project. The
most recent year of sampling (up to 1990) is listed in the column headed “yr.”
Concentrations in that year have been compared with “high” concentrations listed
in Table 2, and a dot (*) in columns headed by symbols for chemicals indicates that
the mean concentration exceeded the “high” value. Sites that have been sampled
in at least four years between 1986 and 1990 are printed in bold type. The species
sampled (column Sp) are the mussel Mytilus edulis (“me”), the oyster Crassostrea
virginica (“cv”), the mussel M. californianus (“mc”), and the oyster Ostrea
sandvicensis (“0s”). The numbers of people residing within 20 km of each site
according to the 1990 census are categorized as 1 through 6 under the heading
“pop” by this scheme: category 1 for less than 10,000; 2 for 10,000 to 50,000; 3 for
50,000 to 100,000; 4 for 100,000 to 500,000; 5 for 500,000 to 1,000,000; and 6 for
more than 1,000,000.
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Appendix B

This appendix lists the 141 sites sampled in at least 4 of the first 5 years of the NS&T
Mussel Watch Project. The number of years is indicated in the column headed “yr."
Increasing (l) or decreasing (D) trends under the headings of chemical symbols
indicate site/chemical combinations where the Spearman rank correlation coeffi-
cient between concentration and year is =0.9 (I) or £-0.9 (D).
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